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1.  INTRODUCTION 


M865  and  M829  cartridges  were  fired  in  a  gun  tube  instrumented  by  personnel  from  the  U.S.  Army 
Combat  Systems  Test  Activity  (CSTA)  using  Veritay  Technology,  Inc.,  in-wall  thermocouple  (IWTQ 
probes.  The  probes  were  installed  at  each  of  three  circumferential  positions  (starting  at  the  top  and  spaced 
120°  apart)  at  each  of  four  axial  locations  along  the  gun  tube.  Prior  to  firing,  the  M865  rounds  were 
conditioned  at  21°  C  and  the  M829  rounds  were  conditioned  at  21°  C  and  49°  C.  These  tests  were 
conducted  in  October  1993.  Rgure  1  displays  a  representation  of  an  installed  Veritay  IWTC.  Figure  2 
displays  a  drawing  of  the  instrumented  gun  tube. 

In  August  1994,  a  second  gun  tube  was  instrumented  with  "welded"  thermocouples,  and  a  preliminary 
DM13  round  conditioned  at  about  21°  C  was  fired;  this  round  served  as  a  warmer  round  as  well  as  a 
preliminary  IWTC  instrumentation  checkout  round.  Due  to  unexpected  data  acquisition  problems  for  this 
DM13  round,  only  one  data  channel  was  recorded,  corresponding  to  an  IWTC  probe  location  at  457  mm 
from  the  rear  face  of  the  tube  (RFT).  Figure  3  displays  a  representation  of  the  welded  IWTC.  Figure  4 
displays  a  drawing  of  the  instrumented  gun  tube.  It  is  noted  that  the  457-mm  (18-in)  probe  location  for 
this  DM13  roimd  actually  corresponds  to  the  chamber  surface,  not  the  bore  surface. 

All  sinuilatinns  are  derived  firom  XKTC  (Gough  1990)  and  XBR2D-V29*  (Crickenberger,  Talley, 
and  Talley  1994)  finite  difference  calculations.  The  thermal  output  of  this  calculation  method  has  been 
successfully  demonstrated  in  past  simulation  studies  (e.g.,  Conroy  [1991]  and  KeUer  et  al.  [1993]). 

In  this  study,  we  chose  as  input  for  the  XBR2D-V29  code,  the  following  thermal  and  mechanical 
properties  for  the  barrel: 

•  chrome  thickness:  0.14  mm  (0.0055  in) 

•  chrome  thermal  conductivity:  84  J/(m-s-K)  (10.5  Ibf/s-R) 

•  chrome  thermal  diffiisivity:  2.3E-05  m^/s  (0.036  in^/s) 

•  steel  thermal  conductivity:  38  J/(m-s-K)  (4.8  Ibf/s-R) 

•  steel  thermal  diffusivity:  l.OE-05  m^/s  (0.016  in^/s) 


*  This  version  of  XBR2D-V29  code  is  based  on  the  program  originated  by  Veritay  Technology,  Inc.,  and  now  incorporates 
revisions  introduced  by  the  U.S.  Army  Research  Laboratory. 
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2.  SIMULATED  BORE  SURFACE  TEMPERATURES 


Figure  5  displays  four  plots  of  the  simulated  bore  surface  temperatures  for  the  M865  (21"  Q,  M829 
(2r  C  and  49°  Q,  and  DM13  (21°  C)  cartridges.  Whereas,  the  M865  and  M829  plots  show  curves  for 
four  axial  locations  along  the  gun  tube,  the  DM13  plot  displays  only  a  single  location — and  this  location 
corresponds  to  the  chamber  instead  of  the  bore. 

It  is  observed  from  these  plots  that  bore  surface  temperatures  generally  decrease  with  increasing 
distance  from  the  chamber.  However,  in  die  case  of  the  M865  and  M829  rounds  at  21°  C,  the  1,350-mm 
(53.1-in)  curve  is  shown  to  be  slightly  higher  than  the  1,050-mm  (41.3-in)  curve.  Such  an  anomaly  is  not 
exhibited  by  the  M829  plot  for  49°  C,  and  it  may  be  that  this  peculiarity  at  21°  C  is  an  indication  that  the 
spatial  and/or  temporal  grid  size  in  the  XKTC  and/or  the  XBR2D-V29  program  is  not  small  enough. 

From  Figure  5,  the  predicted  peak  bore  surface  temperatures,  after  firing  an  M829  at  21°  C,  are  about 
1,405  K  and  1,225  K  at  640  mm  and  1,350  mm  from  the  RFT,  respectively.  A  similar  calculation  was 
done  by  Bundy,  Gerber,  and  Bradley  (1993)  for  the  same  ammunition  and  initial  conditions,  but  a  different 
chrome  thickness,  using  a  different  numerical  treatment.  For  a  chrome  thickness  set  at  0.10  mm,  they 
predicted  peak  bore  surface  temperatures  of  about  1,650  K  and  1,425  K,  at  700  mm  and  1,400  mm  from 
the  RFT,  respectively.  With  the  chrome  thickness  set  at  0.16  mm,  they  predicted  about  1,200  K  and 
1,050  K,  respectively.  Thus,  the  predictions  of  Rgure  5,  which  are  based  on  a  chrome  layer  of  0. 14  mm, 
are  in  close  proximity  to  the  Bundy,  Gerber,  and  Bradley  calculations  (1993). 

We  note  that  in  no  case  is  the  predicted  bore  surface  temperature  high  enough  to  melt  the  chrome 
layer  (having  a  melting  temperature  near  2,130  K).  This  is  consistent  with  the  fact  that  even  though 
chrome  can  be  found  missing  in  M256  gun  barrels,  there  has  never  been  any  indication  that  it  is  missing 
due  to  melting,  rather,  it  appears  to  chip  off. 

We  can  also  comment  that  the  predicted  bore  surface  temperature  is  lowest  for  the  M865  at  21°  C  and 
highest  for  the  M829  at  49°  C;  we  will  show  this  is  borne  out  by  experimental  data  as  weU. 
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3.  EXPERIMENTAL  IWTC  PROBE  TEMPERATURES 


Figure  6  displays  individual  plots  of  experimental  probe  measurements  at  21°  C  for  each  of  two 
different  cartridge  types  (M829  and  DM13).  In  the  case  of  the  M829  cartridge  type,  plots  for  three 
different  test  rounds  are  displayed,  i.e.,  for  "round  no.  2,"  "round  no.  6,"  and  "round  no.  10."  (Other  round 
numbers  corresponded  to  different  ammunition.) 

Each  curve  within  each  plot  is  designated  by  its  round  number  together  with  its  circumferential 
position,  in  degrees.  For  example,  "no.  2/120"  represents  round  no.  2  for  the  probe  positioned  at  120° 
from  the  top  of  the  gun  tube  in  the  clockwise  direction,  looking  from  the  breech  to  the  muzzle. 

For  the  M829  rounds,  obvious  discrepancies  between  the  curves  are  evident  (i.e.,  they  do  not  overlay 
each  other).  The  three  circumferential  probe  temperatures  are  estimated  to  vary  by  as  much  as  25%  from 
the  visual  appraisal  of  their  (pooled)  mean  profile.  In  addition  to  the  difference  in  magnitude,  the  initial 
rise  rate  of  the  0°  probe  is  distinctly  different  than  the  120°  and  240°  probes.  Furfliermore,  the  ordering 
of  the  discrepancies  in  the  circumfermtial  probe  temperatures  is  the  same  for  aU  three  M829  rounds  (i.e., 
120°  >  240°  >  0°).  Several  reasons  for  such  discrepancy  may  be  speculated  and  these  include: 

•  nonuniform  thickness  of  metal  (steel  and  chrome)  between  the  bore  surface  and  the  probe  tip 

•  variation  in  contact  resistance  between  the  steel  and  chrome  interfaces  (e.g.,  partial  chrome 
delamination) 

•  nonuniform  contact  between  IWTC  probe  tip  and  metal  substrate  (e.g.,  oU/dirt  contamination,  etc.) 

•  nonuniform  circumferential  heat  input 

The  variation  in  contact  resistance  at  the  chrome-steel  interface,  second  bullet  above,  could  come  about 
by  partial  chrome  delamination.  Figure  7  illustrates,  from  a  different  barrel,  how  the  chrome  can  partially 
separate  from  the  steel,  with  the  void  filled  by  nonthermaUy  conducting  material. 

Most  likely,  the  first  reason  above  is  the  largest  contributor  to  the  discrepancy  in  circumferential  probe 
temperatures.  In  subsequent  plots  we  will  show  that  a  variation  in  the  metal  thickness  between  the  probe 
tip  and  the  bore  surface  of  from  0.25  to  0.50  mm  (0.01  to  0.02  in)  would  account  for  the  circumferential 
temperature  inconsistency.  In  this  regard,  we  had  anticipated  an  error  in  the  IWTC  depth,  due  to  an 
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uncertainty  in  the  barrel  waU  thickness  at  the  location  where  each  probe  hole  was  drilled,  of  from  0.1  to 
0.3  mm. 

Lastly,  Figure  6  shows  that  the  probe  temperatures  at  the  same  axial  and  circumferential  location  can 
vary  by  as  much  as  20%  from  one  round  to  the  next 

We  are  unable  to  display  a  complete  set  of  circiunferential  probe  measurements  at  each  axial  location, 
nor  give,  with  confidence,  the  circumferentially  averaged  probe  temperature  at  each  axial  location,  due 
to  improper  functioning  of  one  or  more  IWTC  probes  at  each  axial  location,  except  640  mm  (as  shown 
in  Figure  6).  Neverttieless,  we  will  present  at  least  one  experimental  probe  temperature  at  every  axial 
location  in  the  comparison  of  theory  with  experiment,  discussed  next. 

A  single  plot  for  the  DM13  round  is  included  within  Figure  6  to  compare  with  the  M829  round.  On 
the  one  hand,  the  M829  is  baUistically  similar  to  die  DM13  round,  which  would  lead  one  to  expect  a 
similar  response  from  the  two  rounds.  On  the  other  hand,  the  plots  are  expected  to  differ  from  die 
standpoints  of  probe  location  and  probe  type  (i.e.,  locations  at  640  mm  vs.  457  mm  [25.2  in  vs.  18  in], 
and  Veritay  vs.  welded  IWTC  probe  types,  respectively).  Additional  discussion  of  the  DM13  probe 
response  is  pursued  in  a  following  section. 

4.  SBvlULATED  vs.  EXPERIMENTAL  IWTC  PROBE  TEMPERATURES 

Simulated  IWTC  probe  performance  for  four  different  rounds  are  discussed  in  this  section  (see 
Table  1). 

In  the  case  of  the  DM13  round,  only  a  single  probe  location  at  457  mm  (18  in)  from  RFT  is  reported. 
As  previously  discussed,  this  location  actually  corresponds  to  the  forward  part  of  the  gun  chamber.  The 
nominal  probe  depth  at  this  location  is  assumed  to  be  1.52  mm  (0.06  in).** 

For  the  M865  and  M829  rounds,  to  be  described,  probe  temperatures  correspond  to  axial  locations  of 
640,  1,050,  1,350,  and  1,600  mm  (25.2,  41.3,  53.1,  and  63.0  in)  from  RFT.  For  each  of  these  plots,  the 
probe  depth  is  taken  to  be  1.27  mm  (0.05  in). 


**  As  mentioned  previously,  there  is  an  uncertainty  in  the  drilled  probe  hole  dq)th  of  0.1  to  0.3  mm. 
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Table  1.  Experimental-Numerical  Test  Matrix 


Round 

Conditioning 

Temperature 

(°o 

Axial  IWTC 
Location(s) 
WRTRFT 
(mm) 

Experimental 
Probe  Depths 
(mm) 

Calculation 
Probe  Depths 
(mm) 

DM13 

21 

457 

1.52 

1.016,  1.27,  1J2 

M865 

21 

640 

1.27 

1.27,  1.52,  1,78 

1,050 

1.27 

1.27,  1.52,  1.78 

1,350 

1.27 

1.27,  1.52,  1.78 

1,600 

1.27 

1.27,  1.52,  1.78 

M829 

21 

640 

1.27 

1.52.  1,78,  2.032 

1,050 

1.27 

1.016,  1.27,  1.52 

1,350 

1.27 

1.27,  1.52,  1.78 

1,600 

1.27 

1.016,  1.27,  1.52 

M829 

49 

640 

1.27 

1.52,  1.78,  2.032 

1,050 

1.27 

1.016,  1.27,  1.52 

1,350 

1.27 

1.52,  1.78,  2.032 

1,600 

1.27 

1.52,  1.78,  2.032 

For  aU  plots,  three  simulated  curves  differing  by  depth  increments  of  0.254  mm  (0.01  in)  are 
superimposed  over  each  experimental  curve  for  the  specified  axial  location.  Thus,  the  experimental  curve, 
with  assumed  probe  depth,  say,  of  1.27  rrun  (0.05  in),  is  bracketed  by  simulated  curves  of  lesser  and/or 
greater  presumed  depths,  hi  addition,  we  have  simulated  the  initial  barrel  temperature  to  match  the  initial 
measured  barrel  temperature  at  the  circumferential  and  axial  location  of  the  round  identified  in  the 
experimental  curve  on  each  plot,  in  every  figure. 

4.1  DM13  Round  (21°  Q.  Figure  8  displays  simulated  curves  corresponding  to  probe  depths  of 
1.016, 1.27,  and  1.52  mm  (0.04,  0.05,  and  0.06  in).  Also  superimposed  on  this  plot  is  the  experimental 
curve  corresponding  to  an  assumed  depth  of  1.524  mm  (0.06  in). 
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Several  features  of  this  plot  are  noteworthy  and  these  relate  to: 


•  apparent  noise  of  experimental  curve  (corresponding  to  welded  IWTQ,  and 

•  relatively  poor  agreement  with  magnitude  and  trends  of  simulated  curves 

Noise  in  this  experimental  curve  is  believed  due  to  the  large  distance  between  the  IWTC  probe  and 
the  amplifier.  Moreover,  possibilities  also  exist  for  extraneously  induced  cunents  caused  by  "ground  loop" 
ftom  wet  lines  as  well  as  "line  whipping"  during  gun  recoil. 

It  should  be  noted  that,  in  this  comparison,  the  IWTC  probe  is  located  in  the  chamber  region  of  the 
barrel,  where,  presumably,  the  combustible  cartridge  case  partially  insulates  the  surface  from  direct 
exposure  to  the  propellant  gases  until  the  case  has  been  consumed.  The  effect  of  the  randomly 
breaking/burning  cartridge  case  has  not  been  incorporated  into  XBR2D-V29,  as  yet.  Thus,  it  is  not 
surprising  that  theory  and  experiment  are  not  in  agreement  in  the  chamber  region,  even  if  the  probe  depth 
is,  indeed,  1.52  mm. 

4.2  M865  Round  (21°  C).  Figure  9  displays  four  plots  for  the  M865  round,  conditioned  to  21°  C 
at  axial  probe  locations  of  640, 1,050, 1,350,  and  1,600  mm  (25.2, 41.3, 53.1,  and  63.0  in).  The  simulated 
curves  represent  depths  of  1.27,  1.52,  and  1.78  mm  (0.05,  0.06,  and  0.07  in).  It  is  ^parent  that  these 
curves  generally  bracket  the  superimposed  experimental  curve,  drilled  to  an  assumed  depth  of  1.27  mm 
(0.05  in).  Discrepancies  between  the  experimental  and  simulated  curves  are  compatible  with  presumed 
error  in  the  drilled  probe  depth,  and  round-to-round  variation  in  the  experimental  temperature  profile. 

4.3  M829  Round  (21°  C).  Figure  10  displays  four  plots  for  the  M829  round,  conditioned  at  21°  C 
at  axial  probe  locations  of  640,  1,050,  1,350,  and  1,600  mm  (25.2,  41.3,  53.1,  and  63.0  in).  It  is 
noteworthy  that  horizontal  (time)  translation  of  aU  simulated  curves  by  approximately  40  ms  would  seem 
to  yield  excellent  correspondence  between  experimental  and  simulated  curves  in  most  cases.  Though  some 
of  this  temporal  disparity  may  be  due  to  an  overly  simplistic  model  of  the  ignition  delay  and 
flamespreading  process,  it  is  believed  that  the  majority  of  time  difference  is  due  to  uncertainty  in  the 
experimental  ignition  fiduciary. 

From  Rgure  10a,  the  differences  in  shape  and  magnitude  of  the  simulated  temperature-vs.-time  plots 
from  a  probe  depfli  of  132  mm  to  a  probe  depth  of  2.03  mm  are  nearly  identical  to  the  range  of  shape 
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and  magnitude  differences  found  for  the  M829  rounds  in  Hgures  6a-c.  This  provides,  as  promised,  the 
evidence  that  circumferential  temperature  discrepancies  are  most  likely  due  to  circumferential  variation 
in  the  probe  depths. 

Finally,  we  can  see  that  the  M829  rounds  in  Rgure  10  produce  a  greater  barrel  temperature  rise  than 
the  M865  round  in  Figure  9,  at  all  axial  locations.  This  experimental  result  is  consistent  with  the  ordering 
of  the  simulated  bore  surface  temperatures  in  Figure  S. 

4.4  M829  Round  (49°  O.  Figure  11  is  a  set  of  plots  which  are  counteiparts  to  Rgure  10  (i.e.,  same 
type  of  round,  but  at  higher  conditioning  temperature).  Similar  behavior  is  observed  between  the  two 
figures,  although  the  required  temporal  translation  of  the  time  axis  is  not  as  great  for  the  49®  C  plots  as 
for  the  21®  C  plots. 

We  note  that  even  though  the  simulated  bore  surface  temperatures  are  higher  for  the  higher 
preconditioned  round  temperature,  we  do  not  detect  a  noticeable  difference  in  the  IWTC  measurements 
between  an  M829  at  21®  C  and  an  M829  at  49®  C.  It  is  suspected  that  the  effect  of  preconditioning  is 
masked  by  die  inherent  round-to-round  variation  in  barrel  heat  input  and  the  small  sample  size  tested. 

Overall,  the  experimental  temperature  histories,  in  conjunction  with  the  simulations  in  Figures  9-11 
corroborate  each  other,  wherever  two  or  more  plots  reference  the  same  probe,  with  regard  to  indicating 
the  probable  IWTC  depth.  The  examples  are  as  follows:  Figures  9a  and  11a,  and,  to  a  lesser  extent. 
Figure  10a,  indicate  that  the  IWTC  at  640  mm  and  240®  (ei^t  o’clock)  from  RFT  is  between  1.52  and 
1.78  mm  below  the  bore  surface.  Likewise,  Figures  9c  and  10c  indicate  the  same  depth  for  the  probe  at 
1,350  mm  and  0®  (top)  from  RFT.  Furthermore,  Figures  9d  and  1  Id  point  to  the  same  depth  for  tte  probe 
at  1,600  mm  and  0®  fiom  RFT.  Lastly,  Figures  9-11  consistently  show  that  the  probe  temperature  at 
1,050  mm  and  240®  is  higher  than  any  other  location.  But,  rather  than  conclude  that  the  firing  heat  input 
is  simply  higher  at  this  location.  Figures  9b,  10b,  and  11b  aU  suggest  that  it  is  higher  than  elsewhere 
because  the  probe  is  closer  here  than  elsewhere — probably  lying  between  1.02  mm  and  1.27  mm  below 
the  surface. 
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5.  SUMMARY 


The  XBR2D-V29  heat  transfer/conduction  code,  as  revised  by  the  U.S.  Amy  Research  Laboratory 
(ARL),  has  been  used  in  conjunction  with  the  XKTC  interior  ballistic  code  to  provide  barrel  temperature 
predictions  for  the  M256  120-mm  cannon  firing  various  ammunition.  We  found  that  the  predicted  bore 
surface  temperature  is  consistent  with  that  reported  elsewhere  (using  a  different  numerical  procedure).  We 
have  also  shown  experimental  barrel  temperature  data  taken  from  IWTC  near  the  barrel’s  inner  wall.  The 
predictions  agree  reasonably  well  with  the  experimental  results.  For  the  most  part,  discrepancies  betweai 
the  experimental  and  simulated  curves  are  compatible  with  the  presumed  error  in  the  drilled  probe  depth, 
and  round-to-round  variation  in  the  experimental  temperature  profile.  Nevertheless,  areas  where  helpful 
modifications  mi^t  be  made  would  include:  (1)  a  modeling  option  for  combustible  cartridge  case  effects 
in  the  XBR2D-V29  code,  and  (2)  a  refinement  of  the  timing  involved  in  the  ignition  delay  and  flame 
spreading  process  in  the  XKTC  code.  Work  in  die  latter  area  is  ongoing  at  ARL. 
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Probe  Locations:  1.27mm  nominal 
thickness  from  chamber  wall 


installation.  Figure  4.  August  1994  modifications 

serial  no.  1910. 


Temperature  (K) 


Time  (msec) 


640mm  1050mm  1350mm  1600mm 


Nominal  experimental  thickness  =  1 .27mm 


Figure  5a.  Simulated  bore  surface  temperatures  for  M865  (21°  O. 


640mm  1050mm  1350mm  1600mm 

Nomina!  experimental  thickness  =  1 .27mm 

Figure  5b.  Simulated  bore  surface  temt?eratuies  for  M829  (21°  O. 
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Temperature  (K) 


1,600 


Nominal  experimental  thickness  =  1 .27mm 


Figure  5c.  Simulated  bore  surface  temperatures  for  M829  (49°  Q. 


Nominal  Experimental  Thickness  =  1 .524mm 


Figure  5d.  Simulated  bore  surface  temperatures  for  DM13  (21°  O. 


1 


200 


150 


O 


240  degrees  120  degrees  0  degrees 


Nominal  experimental  thickness  =  1 .27mm 
Round  #2 


Figure  6a.  M829  experimental  probe  temperatures  at  21°  C  for  ciraimferential  twsitions  at  64n  mm 
from  RFT — round  no.  2. 


240  degrees  120  degrees  0  degrees 


Nominal  experimental  thickness  =  1 .27mm 
Round  #6 


Figure  6b»  M829  experimental  probe  temperatures  at  21^  C  for  circumferential  tx)sitions  at  640  mm 
from  RFT — around  no,  6. 
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240  degrees  120  degrees  0  degrees 


Nominal  experimental  thickness  =  1 .27mm 
Round  #10 


Figure  6c.  M829  experimental  nmbe  temperatures  at  21°  C  for  circumferential  positions  at  640  mm 
from  RFT — around  no.  10. 


Time  (sec) 
60  degrees 


Nominal  Experimental  Thickness  =  1 .524mm 


Figure  6d.  DM13  experimental  probe  temperature  at  21*^  C  at  457  mm  from  RFT. 
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Temperature  (t^ 


Figure  7.  Photomicrograph  of  chrome-steel  interface  showing  debonding  voids  filled  by  sabot 
material  residue  (courtesy  of  Joe  Cox,  Benet  Laboratory). 


1.016mm  1.27mm  1.52mm  ExptI 

Nominal  Experimental  Thickness  =  1 .524mm 

Figure  8.  DM13  simulated  and  experimental  probe  temperatures  at  21°  C. 
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1.27mm  1.52mm  1.78mm  ExptI 


Nominal  experiments  thickness  =  1 .27mm 


Figure  9a.  M865  simulated  and  experimental  probe  temperatures  at  640  mm  from  RFT  at 
21°  C— round  no.  W2/240. 


Nominal  experiments  thickness  =  1 .27mm 

Figure  9b.  M865  simulated  and  experimental  probe  temperatures  at  1.050  mm  from  RFT  at 


21°  C— round  no.  W2/120. 
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Figure  9c.  M865  simulated  and  experimental  probe  temperatures  at  1  ^^50  mm  from  RFT  at 
21°  C— round  no.  W2/n. 


1.27mm  1.52mm  1.78mm  ExptI 


Nominal  experimental  thickness  =  1 .27mm 


Figure  9d.  M865  simulated  and  experimental  probe  temperatures  at  1.600  mm  from  RFT  at 
21°  C— round  no.  W2/0. 
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Nominal  experimental  thickness  =  1 .27mm 


Figure  10a.  M829  simulated  and  experimental  probe  temperatures  at  640  mm  from  RFT  at 
21°  C — round  no.  6/240. 


Nominal  experimental  thickness  =  1 .27mm 


Figure  10b.  M829  simulated  and  experimental  probe  temperatures  at  1.050  mm  from  RFT  at 
21°  C — around  no.  6/120. 
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1.27mm  1.52mm  1.78mm  ExptI 

Nomina!  experimental  thickness  =  1 .27mm 


Figure  10c.  M829  simulated  and  experimental  probe  temperatures  at  1  .^*>0  mm  fmnn  RFT  at 
21°  C — ^round  no.  6/0. 


1.016mm  1.27mm  1.52mm  ExptI 

Nominal  experimental  thickness  =  1 .27mm 


Figure  lOd.  M829  simulated  and  experimental  probe  temperatures  at  1,600  mm  from  RFT  at 
21°  C— round  no.  10/240. 
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1.52mm  1.78mm  2.032mm  Exptl 


Nominal  experimental  thickness  =  1 .27mm 


Figure  11a.  M829  simulated  and  experimental  probe  temperatures  at  49°  C  at  640  mm  from 
RFT — ^nound  no.  4/240. 
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Nominal  experimental  thickness  =  1 .27mm 


Figure  11b.  M829  simulated  and  experimental  orobe  temperatures  at  49**  C  at  l  OSn  mm  from 
RFT — around  no.  4/120. 
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Figure  11c.  M829  simulated  and  experimental  probe  temperatures  at  49^*  C  at  1.350  mm  from 
RFT — ^round  no.  4/240. 


Nominal  experimental  thickness  =  1 .27mm 


Figure  lid.  M829  simulated  and  experimental  probe  temperatures  at  49°  C  at  1.600  mm  fmm 
RFT — around  no.  4/0. 


20 


6.  REFERENCES 


Bundy,  M.,  N.  Geiber,  and  J.  W.  Bradley.  "Evaluating  Potential  Bore  Melting  from  Firing  M829A1 
Ammunition."  ARL-MR-107,  U.S.  Anny  Research  Laboratory,  Aberdeen  Proving  Ground,  MD, 
October  1993. 

Conroy,  P.  J.  "Gun  Tube  Heating."  BRL-TR-3300,  U.S.  Army  Ballistic  Research  Laboratory,  Aberdeen 
Proving  Ground,  MD,  December  1991. 

Crickenberger,  A.  B.,  R.  L.  Talley,  and  J.  Q.  Talley.  "Modiftcadons  to  the  XBR2D  Heat  Conduction 
Code."  ARL-CR-126,  U.S.  Army  Research  Laboratory,  Aberdeen  Proving  Ground,  MD,  April  1994. 

Gough,  P.  S.  "The  XNOVAKTC  Code."  BRL-CR-627,  U.S.  Army  Ballistic  Research  Laboratory, 
Aberdeen  Proving  Ground,  MD,  Febraary  1990. 

Keller,  G.  E.,  A.  W.  Horst,  P.  J.  Conroy,  and  T.  P.  Coffee.  "The  Influence  of  Propulsion  Technique  and 
Firing  Rate  on  Thermal  Management  Problems  in  Large-Caliber  Guns."  ARL-TR-130,  U.S.  Army 
Research  Laboratory,  Aberdeen  Proving  Groimd,  MD,  May  1993. 


21 


Intentionally  left  blank. 


22 


NO.  OF 

COPIES  ORGANIZATION 

2  ADMINISTRATOR 
ATTN  DTIC  DDA 

DEFENSE  TECHNICAL  INFO  CTR 
CAMERON  STATION 
ALEXANDRIA  VA  22304-6145 

1  DIRECTOR 

ATTN  AMSRL  OP  SD  TA 
US  ARMY  RESEARCH  LAB 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

3  DIRECTOR 

ATTN  AMSRL  OP  SD  TL 
US  ARMY  RESEARCH  LAB 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 

1  DIRECTOR 

ATIN  AMSRL  OP  SD  TP 
US  ARMY  RESEARCH  LAB 
2800  POWDER  MILL  RD 
ADELPHI  MD  20783-1145 


ABERDEEN  PROVING  GROUND 

5  DIR  USARL 

ATTN  AMSRL  OP  AP  L  (305) 


23 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


1  HQDA 

ATTN  SARD  TR  MS  K  KOMINOS 
PENTAGON 

WASHINGTON  DC  20310-0103 
1  HQDA 

ATTN  SARD  TR  DR  R  CHATT 
PENTAGON 

WASHINGTON  DC  20310-0103 

1  CHAIRMAN 

DOD  EXPLOSIVES  SAFETY  BD 
HOFFMAN  BLDG  1  RM  856  C 
2461  EISENHOWER  AVE 
ALEXANDRIA  VA  22331-0600 

1  HQS 

ATTN  AMCICP  AD  M  HSETTE 
US  ARMY  MATERIEL  CMD 
5001  EISENHOWER  AVE 
ALEXANDRIA  VA  22333-0001 

1  US  ARMY  BMDS  CMD 

ADVANCED  TECHLGY  CTR 
PO  BOX  1500 

HUNTSVEXE  AL  35807-3801 

1  OFC  OF  THE  PRODUCT  MGR 

ATTN  SFAE  AR  HIP  IP 
MR  R  DE  KLEINE 

155MM  HOWITZER  M109A6  PALADIN 
PCNTY  ARSNL  NJ  07806-5000 

3  PM 

ATTN  SFAE  ASM  AFE 
LTC  A  ELLIS 
TKURIATA 
J  SHIELDS 

ADV  FIELD  ARTLRY  SYSTEM 
PCNTY  ARSNL  NJ  07801-5000 

1  PM 

ATTN  SFAE  ASM  AF  Q  W  WARREN 
ADV  FIELD  ARTLRY  SYSTEM 
PCNTY  ARSNL  NJ  07801-5000 

1  CDR 

ATTN  AMSMC  PBM  A  SDOLOSI 
US  ARMY  ARDEC 

PROD  BASE  MODERNIZATION  AGCY 
PCNTY  ARSNL  NJ  07806-5000 


1  CDR 

ATTN  AMSMC  PBM  E  L  LAIBSON 
US  ARMY  ARDEC 

PROD  BASE  MODERNIZATION  AGCY 
PCNTY  ARSNL  NJ  07806-5000 

1  PM 

ATTN  AMCPM  TMA 

PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 

PCNTY  ARSNL  NJ  07806-5000 

1  PM 

ATTN  AMCPM  TMA  105 

PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 

PCNTY  ARSNL  NJ  07806-5000 

1  PM 

ATTN  AMCPM  TMA  120 

PEO  ARMAMENTS 

TANK  MAIN  ARMAMENT  SYSTEM 

PCNTY  ARSNL  NJ  07806-5000 

1  PM 

ATTN  AMCPM  TMA  AS  H  YUEN 
PEO  ARMAMENTS 
TANK  MAIN  ARMAMENT  SYSTEM 
PCNTY  ARSNL  NJ  07806-5000 

7  CDR 

ATTN  SFAE  AR  TMA 
V  ROSAMILIA 
R  BILLINGTON 
WKATZ 
R  JOINSON 
C ROLLER 
E  KOPACZ 
K RUBEN 

TANK  MAIN  ARMAMENT  SYSTEM 
PCTNY  ARSNL  NJ  07806-5000 

4  CDR 

ATTN  SMCAR  CCH  V 
CMANDALA 
EFENNELL 
AGOWARTY 
J  PETTY 

,  US  ARMY  ARDEC 
PCTNY  ARSNL  NJ  07806-5000 


24 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


2  CDR 

ATTN  SMCAR  CCH 
E  DEL  COCO 
KPFLEGER 
US  ARMY  ARDEC 
PCTNY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  QAE  W  JARRETT 

US  ARMY  ARDEC 

PCTNY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  AEE  B  S  BERNSTEIN 

US  ARMY  ARDEC 

PCTNY  ARSNL  NJ  07806-5000 

4  CDR 

ATTN  SMCAR  QAT  A 

LDUUSSI 

C  PATEL 

RROESER 

G  MAGISTRO 

US  ARMY  ARDEC 

PCTNY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  CCH  T  L  ROSENDORF 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  CCS 
US  ARMY  ARDEC 
PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  AEE  J  LANNON 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  AES  S  KAPLOWTIZ 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  HFM  E  BARRIERES 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 


11  CDR 

ATTN  SMCAR  AEE  B 
ABEARDELL 
D  DOWNS 
S  EINSTEIN 
S  WESTLEY 
S  BERNSTEIN 
J  RUTKOWSKI 
B  BRODMAN 
P  O’REILLY 
R  cnuNaoNE 
PHUI 
J  O’REILLY 
US  ARMY  ARDEC 
PCNTY  ARSNL  NJ  07806-5000 

5  CDR 

ATTN  SMCAR  AEE  WW 

M  MEZGER 

J  PINTO 

DWIEGAND 

PLU 

CHU 

US  ARMY  ARDEC 
PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  FSA  T  M  SALSBURY 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  FSA  F  LTC  R  RIDDLE 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  FSC  G  FERDINAND 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  FS  T  GORA 
US  ARMY  ARDEC 
PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  FS  DH  J  FENECK 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 


25 


NO.  OF 

COPIES  ORGANIZATION 


NO.  OF 

COPIES  ORGANIZATION 


3  CDR 

ATTN  SMCAR  FSS  A 

RKOPMANN 

BMACHEK 

LPINDER 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  CDR 

ATTN  SMCAR  FSN  N  K  CHUNG 

US  ARMY  ARDEC 

PCNTY  ARSNL  NJ  07806-5000 

1  DIR 

ATTN  SMCAR  CCB  DA  G  CARAFANO 
BENET  WEAPONS  LABS 
WATERVLIET  NY  12189-4050 

1  DIR 

ATTN  SMCAR  CCB  DI  C  RINALDI 
BENET  WEAPONS  LABS 
WATERVLIET  NY  12189-4050 

3  DIR 

ATTN  SMCAR  CCB  DS 
R  HASENBEIN 
P  VOTLIS 
C ADRADE 

BENET  WEAPONS  LABS 
WATERVLIET  NY  12189-«)50 

3  DIR 

ATTN  SMCAR  CCB  RA 
P  O’HARA 
BPFLEGL 
J  HIGGINS 

BENET  WEAPONS  LABS 
WATERVLIET  NY  12189-4050 

1  DIR 

ATTN  SMCAR  CCB  RM  M  WTIHERELL 
BENET  WEAPONS  LABS 
WATERVLIET  NY  12189^50 

1  DIR 

ATTN  SMCAR  CCB  RP  G  CAPSINALIS 
BENET  WEAPONS  LABS 
WATERVLIET  NY  121894050 


1  DIR 

ATTN  SMCAR  CCB  SD  D  PORTER 
BENET  WEAPONS  LABS 
WATERVLIET  NY  12189-4050 

2  DIR 

ATTN  SMCAR  CCB  RT  S  SOPOK 
B  AVnZAR 

BENET  WEAPONS  LABS 
WATERVLIET  NY  121894050 

1  DIR 

ATTN  SMCAR  CCB  S  F  HEISER 
BENET  WEAPONS  LABS 
WATERVLIET  NY  121894050 

2  CDR 

ATTN  TECH  LB 
DMANN 

US  ARMY  RSRCH  OFC 
PO  BOX  12211 

RSRCH  TRI PK  NC  27709-221 1 
1  CDR 

ATTN  ASQNC  ELC  IS  L  R  MYER  CENTER 

USACECOM 

R&DTECHLffi 

FT  MONMOUTH  NJ  07703-5301 
1  CMDT 

ATTN  AVIATION  AGENCY 
US  ARMY  AVIATION  SCHOOL 
FT  RUCKER  AL  36360 

1  PM 

ATTN  AMCPM  ABMS  T  DEAN 
US  TACOM 

WARREN  MI  48092-2498 

1  PM 

ATTN  SFAE  ASM  BV 
US  TACOM 

nGHTTNG  VEHICLE  SYSTEMS 
WARREN  MI  48397-5000 

2  CDR 

ATTN  SFAE  ASM  AB  SW 
DR  PATTISON 
MAJM  PADGETT 
US  ARMY  TACOM 
WARREN  MI  48397-5000 
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1  PM 

ATTN  SFAE  ASM  AB 
ABRAMS  TANK  SYSTEM 
WARREN  MI  48397-5000 

1  DIR 

ATTN  ATCD  MA 
HQ  TRAC  RPD 
FT  MONROE  VA  23651-5143 

1  CDR 

ATTN  STRBE  WC 

US  ARMY  BELVOIR  R&D  CTR 

FT  BELVOIR  VA  22060-5006 

1  DIR 

ATTN  ATRC  L  MR  CAMERON 
US  ARMY  TRAC  FT  LEE 
FT  LEE  VA  23801-6140 

1  CMDT 

US  ARMY  CMD  &  GEN  STAFF  COLLEGE 
FT  LEAVENWORTH  KS  66027 

1  CMDT 

ATTN  REV  AND  TRNG  LIT  DIV 
US  ARMY  SPECIAL  WARFARE  SCHOOL 
FT  BRAGG  NC  28307 

1  CDR 

ATTN  SMCAR  QA  HI  UB 
RADFORD  ARMY  AMMUNITION  PLANT 
RADFORD  VA  24141-0298 

1  CDR 

ATTN  AMXST  MC  3 

US  ARMY  FRGN  SCIENCE  &  TECHLGY  CTR 
220  SEVENTH  STREET  NE 
CHRLTTESVLLE  VA  22901-5396 

1  CMDT 

ATTN  ATSF  CD  COL  T  STRICKLIN 
US  ARMY  FIELD  ARTLRY  CTR  &  SCHOOL 
FT  SILL  OK  73503-5600 

1  CMDT 

ATSF  CN  P  GROSS 

US  ARMY  FIELD  ARTLRY  CTR  &  SCHOOL 
FT  SILL  OK  73503-5600 


1  CMDT 

ATTN  ATZK  CD  MS  M  FALKOVTTCH 
US  ARMY  ARMOR  SCHOOL 
ARMOR  AGENCY 
FT  KNOX  KY  40121-5215 

1  DIR 

ATTN  ATSB  WP  ORSA  A  POMEY 
US  ARMY  ARMOR  SCHOOL 
WEAPONS  DEPT 
FT  KNOX  KY  40121-5212 

2  CDR 

ATTN  SEA  62R 
SEA  64 

NAVAL  SEA  SYSTEMS  CMD 
WASH  DC  20362-5101 

1  CDR 

ATTN  AIR  954  TECH  LIBRARY 
NAVAL  AIR  SYSTEMS  CMD 
WASH  DC  20360 

4  CDR 

ATTN  TECHNICAL  LIBRARY 
CODE  4410 
K  KAILASANATE 
J  BORIS 
EORAN 

NAVAL  RSRCH  LAB 
WASH  DC  20375-5000 

1  OFFICE  OF  NAVAL  RSRCH 

ATTN  CODE  473  R  S  MILLER 
800  N  QUINCY  ST 
ARLINGTON  VA  22217-9999 

1  OFHCE  OF  NAVAL  TECHLGY 

ATTN  ONT  213  D  SIEGEL 
800  N  QUINCY  ST 
ARLINGTON  VA  22217-5000 

1  CDR 

ATTN  CODE  730 

NAVAL  SURFACE  WARFARE  CTR 
SILVER  SPRING  MD  20903-5000 

1  CDR 

ATTN  CODE  R  13  R  BERNECKER 
NAVAL  SURFACE  WARFARE  CTR 
SILVER  SPRING  MD  20903-5000 
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7  CDR 

ATTN  T  C  SMITH 
KRICE 
S  MITCHELL 
S  PETERS 
J  CONSAGA 
CGOTZMER 
TECH  LIB 

NAVAL  SURFACE  WARFARE  CTR 
INDIAN  HEAD  MD  20640-5000 

1  CDR 

ATTN  CODE  G30  GUNS  &  MUNITIONS  DTV 
NAVAL  SURFACE  WARFARE  CTR 
DAHLGREN  VA  22448-5000 

1  CDR 

ATTN  CODE  G32  GUNS  SYSTEMS  DIV 
NAVAL  SURFACE  WARFARE  CTR 
DAHLGREN  VA  22448-5000 

1  CDR 

ATTN  CODE  G33  T  DORAN 
NAVAL  SURFACE  WARFARE  CTR 
DAHLGREN  VA  22448-5000 

1  CDR 

ATTN  CODE  E23  TECH  UB 
NAVAL  SURFACE  WARFARE  CTR 
DAHLGREN  VA  22448-5000 

2  CDR 

ATTN  CODE  388 
C  F  PRICE 
T BOGGS 

NAVAL  AIR  WARFARE  CTR 
CHINA  LAKE  CA  93555-6001 

2  CDR 

ATTN  CODE  3895 

TPARR 

RDERR 

NAVAL  AIR  WARFARE  CTR 
CHINA  LAKE  CA  93555-6001 

1  CDR 

NAVAL  AIR  WARFARE  CTR 
INFORMATION  SCIENCE  DIV 
CHINA  LAKE  CA  93555-6001 


1  COMMANDING  OFFICER 

ATTN  CODE  5B331  TECH  LIB 
NAVAL  UNDERWATER  SYSTEMS  CTR 
NEWPORT  RI  02840 

1  AFOSR  NA 

ATTN  J  TISHKOFF 
BOLLING  AFB  DC  20332-6448 

1  OLAC  PL  TSTL 

ATTN  D  SHIPLETT 
EDWARDS  AFB  CA  93523-5000 

3  ALLSCF 

ATTN  J  LEVINE 
L  QUINN 
T  EDWARDS 

EDWARDS  AFB  CA  93523-5000 

1  WLMNAA 

ATTN  B  SIMPSON 
EGUN  AFB  FL  32542-5434 

1  WLMNME 

ENERGETIC  MATERIALS  BR 
2306  PERIMETER  RD 
STE9 

EGUN  AFB  FL  32542-5910 

1  WLMNSH 

ATTN  R  DRABCZUK 
EGLIN  AFB  FL  32542-5434 

2  NASA  LANGLEY  RSRCH  CTR 
ATTN  M  S  408 

W  SCALUON 
D  wrrcoFSKi 
HAMPTON  VA  23605 

1  CENTRAL  INTELLIGENCE  AGENCY 

OFC  OF  THE  CENTRAL  REFERENCES 
DISSEMINATION  BRANCH 
ROOM  GE  47  HQS 
WASHINGTON  DC  20502 

1  CENTRAL  INTELLIGENCE  AGENCY 

ATIN  J  BACKOFEN 
NHB  ROOM  5N01 
WASHINGTON  DC  20505 
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1  SDIO  TNI 

ATTN  L  H  CAVENY 
PENTAGON 

WASHINGTON  DC  20301-7100 

1  SDIO  DA 
ATTN  E  GERRY 
PENTAGON 

WASHINGTON  DC  21301-7100 

2  HQ  DNA 
ATTN  D  LEWIS 
A  FAHEY 

6801  TELEGRAPH  RD 
ALEXANDRIA  VA  22310-3398 

1  DIR  SANDIA  NATL  LABS 

ATTN  M  BAER 
DEPARTMENT  1512 
PO  BOX  5800 

ALBUQUERQUE  NM  87185 

1  DIR 

ATTN  R  CARLING 
SANDIA  NATL  LABS 
COMBUSTION  RSRCH  FACILITY 
LIVERMORE  CA  94551-0469 

1  DIR 

ATTN  8741  G  A  BENEDITTI 
SANDIA  NATL  LABS 
PO  BOX  %9 

LIVERMORE  CA  94551-0969 

2  DIR 
ATTN  L  355 

A  BUCKINGHAM 
M  FINGER 

LAWRENCE  LIVERMORE  NATL  LAB 
PO  BOX  808 

LIVERMORE  CA  94550-0622 

1  DIR 

ATTN  T3  D  BUTLER 

LOS  ALAMOS  SCIENTMC  LAB 

PO  BOX  1663 

LOS  ALAMOS  NM  87544 


1  DIR 

ATTN  M  DIVISION  B  CRAIG 
LOS  ALAMOS  SCIENTIFIC  LAB 
PO  BOX  1663 
LOS  ALAMOS  NM  87544 

2  BATTELLE 
ATTN  TWSTIAC 
V  LEVIN 

505  KING  AVE 
COLUMBUS  OH  43201-2693 

1  BATTELLE  PNL 

ATTN  MR  MARK  GARNICH 
PO  BOX  999 
RICHLAND  WA  99352 

1  THE  UNIV  OF  AUSTIN  TEXAS 
ATTNTMKREHNE 

INSITTUTE  FOR  ADVANCED  TECHLGY 
4030  2  W  BRAKER  LANE 
AUSTIN  TX  78759-5329 

2  CPIA  JHU 

ATTN  H  J  HOFFMAN 
T  CHRISTIAN 

10630  LITTLE  PATUXENT  PWY 
STE  202 

COLUMBIA  MD  21044-3200 

1  AFELM  THE  RAND  CORP 

ATTN  LIBRARY  D 
1700  MAIN  ST 

SANTA  MONICA  CA  90401-3297 

1  BRIGHAM  YOUNG  UNIV 

ATTN  M  BECKSTEAD 
DEPT  OF  CHEMICAL  ENGRG 
PROVO  UT  84601 

1  CALIF  INSTITUTE  OF  TECHLGY 

ATTN  L  D  STRAND  MS  125  224 
JET  PROPULSION  LAB 
4800  OAK  GROVE  DR 
PASADENA  CA  91109 

1  CALIF  INSTITUTE  OF  TECHLGY 

ATTNFECCULICK 
204KARMANLAB 
MAIN  STOP  301  46 
1201  E  CALIF  ST 
PASADENA  CA  91109 
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3  GEORGIA  INSTITUTE  OF  TECHLGY 
SCHOOL  OF  AEROSPACE  ENGRG 
ATTN  B  TZIM 

E  PRICE 
WCSTRAHLE 
ATLANTA  GA  30332 

2  UNIV  OF  ILLINOIS 
ATTNHKRIER 
RBEDDINI 

DEPT  OF  MEdH  INDUSTRY  ENGRG 
144  MEB  1206  N  GREEN  ST 
URBANA  IL  61801-2978 

1  UNTV  OF  MASSACHUSETTS 

ATTN  K  JAKUS 

DEPT  OF  MECHANICAL  ENGRG 
AMHERST  MA  01002-0014 

1  UNTV  OF  MINNESOTA 

ATTN  E  FLETCHER 
DEPT  OF  MECHANICAL  ENGRG 
MINNEAPOLIS  MN  55414-3368 

4  PENNSYLVANIA  STATE  UNIV 
ATTN  V  YANG 

KKUO 
CMERKLE 
G SETTLES 

DEPT  OF  MECHANICAL  ENGRG 
UNIVERSITY  PARK  PA  16802-7501 

1  RENSSELAER  POLYTECHNIC  INSTITUTE 
DEPT  OF  MATHEMATICS 
TROY  NY  12181 

1  STEVENS  INSTITUTE  OF  TECHLGY 

ATTN  R  MCALEVY  m 
DAVIDSON  LABORATORY 
CASTLE  POINT  STATION 
HOBOKEN  NJ  07030-5907 

1  RUTGERS  UNIVERSITY 

ATTNSTEMKIN 

DEPT  OF  MECH  AND  AEROSPACE  ENGRG 
UNIVERSITY  HEIGHTS  CAMPUS 
NEW  BRUNSWICK  NJ  08903 

1  UNTVOFUTAH 

ATTN  A  BAER 
DEPT  OF  CHEMICAL  ENGRG 
SALT  LAKE  CITY  UT  84112-1194 


1  WASHINGTON  STATE  UNIV 

ATTN  C  T  CROWE 
DEPT  OF  MECHANICAL  ENGRG 
PULLMAN  WA  99163-5201 

1  ARROW  TECHLGY  ASSOC  INC 
ATTN  W  HATHAWAY 

PO  BOX  4218 

SOUTH  BURLINGTON  VT  05401-0042 

2  AAI  CORPORATION 
AITNJFRANKLE 
D  CLEVELAND 

PO  BOX  126 

HUNT  VALLEY  MD  21030-0126 

8  ALLIANT  TECHSYSTEMS  INC 
ATTN  R  E  TOMPKINS 
J KENNEDY 
JBODE 
CCANDLAND 
L  OSGOOD 
RBURETTA 
R  BECKER 
M  SWENSON 
600  SECOND  ST  NE 
HOPKINS  MN  55343 

4  ALLIANT  TECHSYSTEMS  INC 
ATTNHHULS 
R  JOHNSON 
TROCKNE 
W  DAVIS 

7225  NORTHLAND  DR 
BROOKLYN  PK  MN  55428 

1  ELI  FREEDMAN  AND  ASSOCIATES 

ATTN  E  FREEDMAN 
2411  DIANA  RD 
BALTIMORE  MD  21209-1525 

1  GENERAL  APPLIED  SCIENCES  LAB 

ATTN  J  ERDOS 
77  RAYNOR  AVE 
RONKONKAMA  NY  11779-6649 

1  GENERAL  ELECTRIC  COMPANY 

ATTN  JMANDZY 
,  TACTICAL  SYSTEM  DEPT 
100  PLASTICS  AVE 
PITTSFIELD  MA  01201-3698 
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1  nTRI 

ATTN  M  J  KLEIN 
10  W  35TH  STREET 
CfflCAGO  IL  60616-3799 

4  HERCULES  INC 
ATTNLGIZZI 
DA  WORRELL 
WJ  WORRELL 
C CHANDLER 

RADFORD  ARMY  AMMO  PLANT 
RADFORD  VA  24141-0299 

2  HERCULES  INC 

ATTN  WILLIAM  B  WALKUP 
THOMAS  F  FARABAUGH 
ALLEGHENY  BALUSTICS  LAB 
PO  BOX  210 

ROCKET  CENTER  WV  26726 

1  HERCULES  INC 

ATTN  R  CARTWRIGHT 
AEROSPACE 
100  HOWARD  BLVD 
KENVILLE  NJ  07847 

1  HERCULES  INC 

ATTN  B  M  RIGGLEMAN 
HERCULES  PLAZA 
WILMINGTON  DE  19894 

1  MARTIN  MARIETTA  ARMAMENT  SYSTEMS 

ATTN  JIM  TALLEY 
ROOM  1309 
LAKESIDE  AVE 
BURLINGTON  VT  05401 

1  MBR  RESEARCH  INC 

ATTN  DR  MOSHE  BEN  REUVEN 
601  EWING  ST  STE  C  22 
PRINCETON  NJ  08540 

1  OUN  CORPORATION 

ATTN  F  E  WOLF 
BADGER  ARMY  AMMO  PLANT 
BARABOO  WI  53913 

1  OUN  ORDNANCE 

ATTN  A  SAITTA 
10101  9TH  ST  NORTH 
ST  PETERSBURG  FL  33716 


3  OUN  ORDNANCE 

ATTN  E  J  KIRSCHKE 
AFGONZALEZ 
D  W  WORTHINGTON 
PO  BOX  222 

ST  MARKS  FL  32355-0222 

1  OUN  ORDNANCE 

ATTN  H  A  MCELROY 
10101  9TH  ST  NORTH 
ST  PETERSBURG  FL  33716 

1  PAUL  GOUGH  ASSOC  INC 
ATTN  P  S  GOUGH 

1048  SOUTH  ST 
PORTSMOUTH  NH  03801-5423 

1  PHYSICS  INTERNATIONAL  LIBRARY 

ATTN  H  WAYNE  WAMPLER 
PO  BOX  5010 

SAN  LEANDRO  CA  94577-0599 

1  PRINCETON  COMBUSTION  RSRCH  LABS  INC 
ATTN  N  A  MESSINA 

PRINCETON  CORPORATE  PLAZA 
11  DEERPARK  DR  BLDG  IV  SUITE  119 
MONMOUTH  JUNCTION  NJ  08852 

3  ROCKWELL  INTRNTNL 
ATTN  BA08 
J FLANAGAN 
JGRAY 
RBEDELMAN 
ROCKETDYNE  DIV 
6633  CANOGA  AVE 
CANOGA  PARK  CA  91303-2703 

2  ROCKWELL  INTRNTNL  SCIENCE  CTR 
ATTN  DR  S  CHAKRAVARTHY 

DR  S  PALANISWAMY 

1049  CAMINO  DOS  RIOS 
PO  BOX  1085 

THOUSAND  OAKS  CA  91360 

1  SCIENCE  APPUCATIONS  INTRNTNL  CORP 
ATTN  M  PALMER 
2109  AIR  PARK  RD 
ALBUQUERQUE  NM  87106 
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1  SOUTHWEST  RSRCH  INSTITUTE 
ATTN  J  P  RIEGEL 
6220  CULEBRA  RD 
PO  DRAWER  28510 
SAN  ANTONIO  TX  78228-0510 

1  SVERDRUP  TECHLGY  INC 

ATTN  DR  JOHN  DEUR 
2001  AEROSPACE  PWY 
BROOK  PARK  OH  44142 

3  THIOKOL  CORPORATION 
ATINR  WnXER 

R  BIDDLE 
TECHUB 
ELKTON  DIVISION 
PO  BOX  241 
ELKTON  MD  21921-0241 

4  VERTTAY  TECHLGY  INC 
ATTN  E  B  FISHER 

A  CRICKENBERGER 
J BARNES 
JZ  TALLEY 
PO  BOX  305 

4845  MUXERSPORT  HWY 
EAST  AMHERST  NY  14501-0305 

1  UNIVERSAL  PROPULSION  COMPANY 

ATTN  H  J  MCSPADDEN 
25401  NORTH  CENTRAL  AVE 
PHOENIX  AZ  85027-7837 

1  SRI  INTERNATIONAL 

ATTN  TECH  LIB 
PROPULSION  SCIENCES  DIV 
333  RAVENWOOD  AVE 
MENLO  PARK  CA  94025-3493 

ABERDEEN  PROVING  GROUND 

1  CDR,  USACSTA 

ATTN:  STECSLI,  RHENDRICKSEN 

53  DIR,  USARL 

ATTN;  AMSRL-WT-P,  A.  HORST 
AMSRL-WT-PA, 

T.  MINOR 
T.  COFFEE 
G.  WREN 
A.  BIRK 
J.  DE  SPIRTTO 


AMSRL-WT-PA  (continued), 

A.  JUHASZ 

J.  KNAPTON 
CLEVERITT 
M  MCQUAID 
W.  OBERLE 
P.TRAN 

K.  WHITE 
L-M  CHANG 

J.  COLBURN 

P.  CONROY  (5  CP) 

G.  KELLER 
D.  KOOKER 
M.NUSCA 
T.  ROSENBERGER 

I.  STOBIE 
F.  ROBBINS 

D.  KRUCZYNSKI 

amsrl-wt-pb; 

E.  SCHMIDT 
M  BUNDY 

B.  GUIDOS 

K.  FANSLER 
B.HELD 

D.  LYON 
P.  PLOSTINS 
D.  SAVICK 
K.  SOENCKSEN 
P.  WEINACHT 
AMSRL-WT-PC, 

R.  FIFER 

J.  VANDERHOFF 
R.  BEYER 

M.  MILLER 
AMSRL-WT-PD, 

B.  BURNS 

K.  BANNISTER 
R.LIEB 

AMSRL-WT,  A.  BARROWS 
AMSRL-WT-W,  C.  MURPHY 
AMSRL-WT-WB,  W.  D’AMICO 
AMSRL-WT-WC, 

T.  BROSSEAU 
J.  BORNSTEIN 
J.  ROCCHIO 
M.  KREGEL 

AMSRL-WT-WE,  J.  RAPP 
AMSRL-CI-C,  W.  STUREK 
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1  ERNST  MACH  INSTITUT 
ATTN  DR  R  HEISER 
HAUPSTRASSE  18 
WEIL  AMRHEIM 
GERMANY 

1  DFNS  RSRCH  AGCY  MILITARY  DIV 
ATTN  C  WOODLEY 
RARDE  FT  HALSTEAD 
SEVENOAKS  KENT  TN14  7BP 
ENGLAND 

1  SCTOOL  OF  MECHL  MTRLS  AND 
CIVIL  ENGRG 

ATTN  DR  BRYAN  LAWTON 
ROYAL  MLTRY  COLLEGE  OF  SCI 
SHRIVENHAM  SWINDON  WILTSHIRE 
SN6  8LA 
ENGLAND 

2  INSTIUT  SAINT  LOUIS 
ATTN  DR  MARC  GIRAUD 
DR  GUNTHER  SHEETS 
POSTFACH  1260 

7858  WEABL  AM  RHEIN  1 
GERMANY 

1  EXPLOSIVE  ORDNANCE  DIV 

ATTN  A  WILDEGGER  GAISSMAIER 
DEFNC  SCI  AND  TECHLGY  ORG 
PO  BOX  1750 

SAUSBURY  SOUTH  AUSTRALIA  5108 

1  ARMAMENTS  DIVISION 
ATTN  DR  J  LAVIGNE 
DEFNC  RSRCH  ESTAB  VALCARTIER 
2459  pm  XI BLVD  NORTH 
PO  BOX  8800 

COURCELETTE  QUEBEC  GOA  IRO 
CANADA 


Intentionally  left  blank. 
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USER  EVALUATION  SHEET/CHANGE  OF  ADDRESS 


This  Laboratory  undertakes  a  continuing  effort  to  improve  the  quality  of  the  reports  it  publishes.  Your  comments/answers 
to  the  items/questions  below  will  aid  us  in  our  eflforts. 

1.  ARL  Report  Number  ARL-TR-770 _ _ _ Date  of  Report  June  1995 _ _ 

2.  Date  Report  Received _ _ _ 

3.  Does  this  report  satisfy  a  need?  (Comment  on  purpose,  related  project,  or  other  area  of  interest  for  which  the  report 

will  be  used.) _ _ _ 


4.  Specifically,  how  is  the  report  being  used?  (Information  source,  design  data,  procedure,  source  of  ideas,  etc.) 


5.  Has  the  information  in  this  report  led  to  any  quantitative  savings  as  far  as  man-hours  or  dollars  saved,  operating  costs 
avoided,  or  efficiencies  achieved,  etc?  If  so,  please  elaborate, _ 


6.  General  Comments.  What  do  you  think  should  be  changed  to  improve  future  reports?  (Indicate  changes  to 
organization,  technical  content,  format,  etc.) _ 


Organization 


CURRENT  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

7.  If  indicating  a  Change  of  Address  or  Address  Correction,  please  provide  the  Current  or  Correct  address  above  and  the 
Old  or  Incorrect  address  below. 


Organization 


OLD  Name 

ADDRESS  _ 

Street  or  P.O.  Box  No. 


City,  State,  Zip  Code 

(Remove  this  sheet,  fold  as  indicated,  tape  closed,  and  mail.) 
(DO  NOT  STAPLE) 


